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SUMMARY

Purpose: The aim of the study was to evaluate the clinical results of the implantation of the toric intraocular lens Acrysof 1Q Toric SN6AT3_8
(Alcon Laboratories, Inc., Fort Worth, TX, USA), including an evaluation of its rotational stability.

Material and methods: 30 eyes of 16 patients (4 males, 12 females; mean age 68 years) with regular corneal astigmatism ranging from -1.5
to -4.0 Dcyl were included in this retrospective study. All the patients underwent uncomplicated cataract surgery with the implantation of
a toric intraocular lens (TIOL) at the Department of Ophthalmology of the Faculty of Medicine and Dentistry of Palacky University in Olomouc
and University Hospital Olomouc during the course of 2020. Follow-up examinations were performed 3-6 months after cataract surgery. We
monitored the resulting uncorrected distance visual acuity (UDVA), postoperative refraction, rotational stability of the implanted lens and
subjective patient satisfaction.

Results: mean preoperative corneal astigmatism was -2.41 £0.67 Dcyl. UDVA improved from a mean value of 0.45 +0.25 (expressed in deci-
mal Snellen optotype values) to 0.91 £0.16. The spherical equivalent value of 0.41 +2.92 improved to -0.11 £0.27 postoperatively. The mean
deviation from the planned axis was 4.87 +4.75. Subjective satisfaction was rated by patients on a scale of 1-5, with a mean score of 1.5.
Conclusion: TIOL implantation is a safe and effective solution for patients with corneal astigmatism and cataract. Our results demonstrate
improved UDVA, rotational stability of the TIOL and subjective patient satisfaction with the outcome of the surgery.

Key words: cataract surgery, astigmatism, toric intraocular lens, rotational stability

Ces. a slov. Oftal., 80, 2024, No. x, p.

INTRODUCTION

Cataract surgery ranks among the most frequent intrao-
cular surgical procedures. The worldwide trend is to ope-
rate on ever younger patients with increased demands for
resulting postoperative central visual acuity (CVA) and the
minimum possible dependency on glasses correction. In
the choice of intraocular lens it is therefore desirable to
focus not only on spherical but also astigmatic defects.
A mild degree of astigmatism (0.25 DCyl) is a relative-
ly common refractive error. Values greater than 1.0 DCyl
are present in approximately 20% of the population, and
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values greater than 2.0 DCyl are present in 5-10% of the
population. In patients with cataract the incidence of ast-
igmatism of > 1.5 DCyl is stated at 15 to 29% of the po-
pulation [1,2]. In the case of the presence of corneal astig-
matism and appropriate patient motivation, it is possible
to resolve a spherical and astigmatic refractive error in
a single procedure, namely by means of implantation of
a toric monofocal intraocular lens (TIOL). At present we
have a wide selection of TIOLs available, an example of
which is the intraocular lens Acrysof IQ Toric SN6AT3_8 (Al-
con Laboratories, Inc., Fort Worth, TX, USA). Its main advan-
tages are the stabilization mechanism open loop haptics,



integrated filter for blocking phototoxic blue light and the
possibility of an access incision of 2.2 mm. Upon implanta-
tion of a TIOL it is essential to ensure careful performance
of biometry, precise marking of the axis and final rotation
of the lens into the required position. Even despite a pro-
blem-free course of the operation and precise implanta-
tion of the TIOL in the predetermined axis, postoperative
rotation may occur, with a negative influence on resulting
CVA. Postoperative rotation of the TIOL most often takes
place immediately after surgery [3,4]. In order to achieve
maximum rotational stability it is very important to ensu-
re the complete removal of the viscoelastic material from
the capsular sac [5], as well as to ensure that the patient is
physically at rest in the first hours after surgery.

The aim of our study was to evaluate the clinical re-
sults of implantation of this TIOL, including its rotati-
onal stability. We also focused on subjective patient
satisfaction following implantation.

MATERIAL AND METHOD

Design of study and characteristics of cohort

We retrospectively evaluated a total of 30 eyes of 16
patients who underwent uncomplicated cataract surgery
with implantation of a TIOL at the Department of Ophthal-
mology at the University Hospital in Olomouc. The aver-
age age of the patients (4 men, 12 women) was 68 years
(range 41-75 years). The baseline criterion was presence
of cataract and corneal astigmatism of > 1.5 Dcyl, as well
as patient motivation. The exclusion criteria were irregular
corneal astigmatism, condition following refractive laser
surgery, complicated cataract surgery, corneal dystrophy,
glaucoma pathology or pathology of the macula.

Preoperative examination

Uncorrected distance visual acuity (UDVA) was examined
preoperatively in all the patients with the aid of Snellen charts
(the results are presented in decimal values of Snellen rows).
Intraocular pressure was measured with the aid of a non-con-
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tact tonometer (Canon TX-20P), refraction and keratometry
were examined (Nidek ARK-1a), an ophthalmological exami-
nation of the anterior and posterior segment was performed
in artificial mydriasis on a slit lamp, and biometry was mea-
sured (IOLMaster, Carl Zeiss Meditec AG) with the use of the
SRK/T formula. The optical density of the TIOL was selected
according to the results of biometry. For calculation of the
TIOL we used an available online calculator recommended
by the manufacturer of the lenses (www.myalcon.cz). The
variant Acrysof IQ Toric SN6AT3_8 was subsequently chosen,
which led to the lowest refractive deviation.

Surgical technique

All operations were performed by two experienced sur-
geons, in which circular capsulorhexis, phacoemulsification,
irrigation/aspiration and implantation of an Acrysof 1Q Toric
SN6AT3_8 into the sac with rotation to a predetermined axis
were performed under local topical anesthesia, with a tem-
poral incision of the size of 2.2 mm. The models SN6AT3_8
correct regular corneal astigmatism from 1.5 D to 5.25 D.
The individual representation of variants of lenses is su-
mmiarized in Graph 1. The axis was indicated preoperatively
by two methods: First of all manually in artificial mydriasis
under a slit lamp. In the eye prepared for the surgery, toric
markings were placed on the limbus with a marker. The an-
gle of rotation was determined with the aid of the angled
beam and the scale on the slit lamp (Fig. 1). The Verion na-
vigation system was subsequently used without inducing
artificial mydriasis. In order to create the operating plan,
a digital mark was created on the eye, and according to the
scanned blood vessels, the system subsequently projected
the navigation marks and lines onto the operated eye into
a surgical microscope (Fig. 2). Postoperatively the patients
remained in a stationary position for at least one hour. They
were then given detailed instructions with regard to the ne-
cessity of a regimen of physical rest.

Postoperative results
The patients were invited to attend a follow-up examina-

Acrysof IQ Toric Acrysof IQ Toric Acrysof 1Q Toric  Acrysof IQ Toric  Acrysof 1Q Toric Acrysof |Q Toric
SNG6AT3 (1.5D) SNG6AT4 (2.25D) SNGATS (3.0D) SNGAT6 (3.75D) SNGAT7 (4.5D) SNGATS (5.25 D)

Lens variant

Graph 1. Representation of the Acrysof IQ Toric lens variant in the file
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Figure 1. Preoperative manual axis marking in a patient seated behind
aslit lamp
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Figure 2. Preoperative axis marking using the VERION navigation system

tion 3-6 months after cataract surgery. Postoperatively we
monitored UDVA, postoperative refraction, keratometry,
position, rotational stability of the implanted lens and sub-
jective patient satisfaction. Artificial mydriasis was induced
in order to determine the rotational stability of the TIOL, and
we read the position of the lens with the aid of the angle
of the beam on the slit lamp. In order to determine subjec-
tive patient satisfaction we used a questionnaire that con-
tained 5 questions relating to patient satisfaction following
the implantation of the TIOL. The questions were targeted
at satisfaction with distance vision without correction, and
the presence of photic phenomena. Subjective satisfac-
tion was rated by patients on a scale of 1-5, on which the
following applied: Score 1 - satisfied, no complaints; score
2 - satisfied, minor complaints that are not disruptive; score
3 — dissatisfied, complaints that are disruptive; score 4 — di-
ssatisfied, complaints that are unacceptable for me; score 5
— explantation performed due to dissatisfaction.

Statistical analysis

The statistical software IBM SPSS Statistics version 23 (Ar-
monk, NY: IBM Corp.) was used for the analysis of data. A Wil-
coxon signed-rank test or paired Student’s t-test was used
for the comparison of the quantitative parameters measured
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before and after surgery, depending on the normality of the
data. A Shapiro-Wilk test was used for verification of normal
distribution. Spearman’s rank correlation coefficients were
calculated in order to assess dependencies. The concordance
between the measurements of keratometry (Nidek ARK-1a
and Zeiss IOLMaster), or the concordance between the axis
of implantation and the resulting axis was assessed with the
aid of an ICC coefficient. The division of negative and positive
deviations from the planned axis (rotation in a clockwise and
anticlockwise direction) was compared with even distributi-
on with the aid of a Chi-squared test. All the tests were perfor-
med on a level of significance of 0.05.

RESULTS

The mean value of preoperative corneal astigmatism
was -2.41 £0.67 Dcyl (Nidek ARK-1a). Upon measurement
of biometry, the mean value of corneal astigmatism was
-2.46 +0.67 DCyl (IOLMaster, Carl Zeiss Meditec AG). No
significant difference was demonstrated between the ke-
ratometry values obtained with the aid of the two instru-
ments Nidek ARK-1a and IOLMaster (p = 0.380). The value
of the Spearman’s rank correlation coefficient of r = 0.873
attests to a high correlation (Graph 2).

UDVA improved after surgery from a mean value of
0.45 +£0.25 (expressed in decimal values) to a value of
0.91 £0.16. A statistically significant improvement of
postoperative UDVA was achieved (p < 0.0001). The
value of spherical equivalent (SE) of 0.41 £2.92 impro-
ved postoperatively to -0.11 £0.27. The spherical value
changed from 0.31 £2.01 D to 0.01 £0.30 D.

The mean deviation from the planned axis was 4.87
+4.75° (minimum 0°, maximum 25°). No significant diffe-
rence was demonstrated between the axis of implantati-
on and the resulting axis (p = 0.075). The Spearman’s rank
coefficient for correlation between the axis of implanta-
tion and the resulting axis of r = 0.975 attests to a very
high correlation. The value of the ICC coefficient = 0.980
attests to a high level of concordance (Graph 3). Rotati-
on in a clockwise direction occurred in 73.3% of cases,
and in an anticlockwise direction in 26.7% of cases. Upon
a comparison of positive and negative deviations from
the planned axis with an even distribution, no significant
difference was demonstrated (p = 0.063) (Graph 4).

Mean residual refraction following implantation of a TIOL
measured by the instrument Nidek ARK-1a was -0.52 +0.49
DCyl. In comparison with preoperative corneal keratometry
of -2.4 +0.68 DCyl measured by Nidek ARK-1a, a significant
reduction of values was attained (p < 0.0001) (Graph 5).

Subjective patient satisfaction was evaluated on a scale
of 1-5. The average score was 1.5 (Table 1). In a targeted
question relating to pseudophakic dysphotopsia, 20 eyes
had no complaints (score 1), while mild complaints (score
2) were described in 5 eyes, and we recorded complaints
which patients found disruptive (score 3) in 5 eyes. In the
group with a score of 3 the patients stated negative dys-
photopsia in 4 eyes, and in 1 eye the patient stated a di-
sruptive impression of glare type.
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Graph 3. Comparison of the planned implantation axis and the actual
TIOL axis

TIOL - toric intraocular lens, ICC - Interclass Correlation Coefficient, r —
Spearman's rank correlation coefficient

Graph 2. Comparison of keratometry measurements of two instru-
ments Nidek ARK-1a and Zeiss IOLMaster

ICC - Interclass Correlation Coefficient, r — Spearman's rank correlation
coefficient

m Clockwise = Counterclockwise

Graph 4. Percentage of the direction of rotation of the implanted TIOL
TIOL - toric intraocular lens

-2,41

-0,51

Residual astigmatism after TIOL implantation

Corneal astigmatism before surgery

Graph 5. Comparison of preoperative corneal astigmatism and residual postoperative astigmatism
TIOL - toric intraocular lens
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DISCUSSION

A key parameter for implantation of a TIOL is the pre-
operative value of corneal astigmatism. According to the
literature, it is recommended to correct values of astigma-
tism of = 1 DCyl [6,7]. In order to attain the most precise
possible postoperative result, it is appropriate to measure
keratometry on two different instruments. In our observa-
tion we obtained the values of astigmatism with the aid
of the automatic keratometer Nidek ARK-1a and the optic
biometer IOLMaster. We did not demonstrate a significant
difference between the measured values (p =0.380).In any
case, we certainly recommend performance of the measu-
rements on both instruments. However, should a significa-
nt difference between the values of corneal astigmatism
be recorded in any patient, it is appropriate to focus on
a potential disorder of the stability of the tear film. In
a study conducted by Réggla V. et al. [8], the value of ast-
igmatism changed by more than 0.5 DCyl in 34.4% of eyes
following the application of artificial tears.

In our cohort we also evaluated an improvement of SE
from 0.41 £2.92 t0 -0.11 £0.27 and a change of spherical
diopters from 0.31 £2.01 D to 0.01 +0.30 D. These resul-
ts are also confirmed by postoperative UDVA, which was
> 0.63 in 100% of patients. An analogous effect is descri-
bed in the literature, in which CVA of > 0.5 is attained in
70-100% of patients following implantation of a TIOL
[4,9]. Holland et al. [10] in their study compared the resul-
ts of implantation of a toric Acrysof IOL and its non-toric
variant in values of astigmatism of > 0.75 DCyl, in which
92.2% with a TIOL had UDVA of = 0.5, as against 81.4%
with the non-toric variant of the lens.

An uncomplicated course of the operation is a funda-
mental prerequisite for the correct positioning of the TIOL
and for minimizing the possibility of decentration. When
marking the toricity axis it is recommended that the pa-
tient is in a sitting position in order to prevent cyclotorsi-
on. The study conducted by Ciccio A.E. et al. [11] describes
cyclotorsion from 0.5° to 17.5°, with a mean value of 4.05°.
Upon manual marking, the deviation from the planned axis
is within a range up to 4.9°[12]. An indisputable advantage
of this method is that it is undemanding in terms of equi-
pment. The risks include washing out or expansion of the
ink mark during the operation, and subsequent imprecisi-
on in the implantation of the TIOL. On the other hand, it is
possible to make use of the image perioperatively with the
aid of navigation systems, not only for the final centration

Table 1. Patient satisfaction questionnaire after TIOL implantation

of the lens, but also in the location of the access incisions
and displaying the size of capsulorhexis. In our study we
used both systems of marking the axis.

The diameter of capsulorhexis should be 0.5 mm smaller
than the optic part of the lens. The diameter of the op-
tic part of the Acrysof IQ Toric lens is 6 mm, and therefore
the optimal size of capsulorhexis is 5.5 mm. Excessively
small capsulorhexis may have an adverse impact on the
contraction of the capsule and subsequent undesirab-
le rotation of the TIOL [13,14]. Implantation of a TIOL is
especially difficult in patients with insufficiently induced
mydriasis, which we encounter for example in patients
with diabetes mellitus or perioperative development of
IFIS (Intraoperative Floppy Iris Syndrome) [15]. A charac-
teristic trait in patients with IFIS is the development of
a perioperative triad: an unstable “fluttering” iris, insuffici-
ently wide pupil, and progressive myosis with a tendency
towards prolapse of the iris into the corneal incisions [16].
A narrow pupil prevents the possibility of performing op-
timal capsulorhexis, and reduces the visualization of the
toric marks located in the periphery of the optics of the
TIOL, which may subsequently lead to incorrect rotation
of the intraocular lens [15]. In order to induce greater my-
driasis and thereby attain better visualization of the pos-
terior pole, it is generally recommended to administer 0.2
mg/ml adrenaline, or viscoelastic material with a high hya-
luronic acid content into the anterior chamber, to patients
with the development of IFIS. It is possible to expand the
pupil manually with the aid of pupil expanders. Another
variant is iris hooks, which we can furthermore align into
the relevant axis of astigmatism and thereby attain a more
precise location of the TIOL [17]. Although insufficiently in-
duced mydriasis in these patients is considered a risk factor
in the adequate placing of the TIOL, it is not unequivocally
regarded as a contraindication in the implantation of toric
lenses. It has not yet been confirmed by any study as to
whether perioperative development of IFIS can influence
the resulting stability of the TIOL. Patients with congenital
or acquired zonulopathy are absolutely unsuitable candi-
dates for implantation of a TIOL. A relative contraindication
is corneal scars causing irregular astigmatism, which may
not be fully eliminated by the implantation of a TIOL. It is
also necessary to consider TIOL carefully for patients with
a diagnosed retinal pathology, corneal dystrophy, glau-
coma or uveitis, in whom the resulting CVA may not be
satisfactory with reference to the primary diagnosis [18].
We took all these factors into account in our study in the

1 satisfied, no difficulties

2 satisfied, | have a mild discomfort that doesn't bother me
3 dissatisfied, | have difficulties that bother me

4 dissatisfied, | have difficulties that cannot be accepted

5 explantation performed due to dissatisfaction
TIOL - toric intraocular lens
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Figure 3. (A) Less visible markers of toricity (arrows) in smaller capsulorhexis, (B) Very good visibility of toricity markers

exclusion criteria. Nevertheless, it is necessary to be aware
that it is precisely in patients with another ocular patholo-
gy, which may influence visual functions, that correction of
a toric error has a significant impact on resulting visual acui-
ty and patient satisfaction. Another significant factor in the
careful consideration of implantation of a TIOL is evaluation
of the alpha angle. In the case that it is greater than 0.5 mm,
the development of postoperative refractive surprise may
occur to a greater extent [19,20]. However, we did not exa-
mine the alpha (or kappa) angle in our cohort.

The core part of our study was a comparison of the
rotational stability of the lens. We did not demonstrate
a significant difference between the axis of implantati-
on and the resulting axis, which is an ideal postoperati-
ve state. This especially concerns the results of precise
work of the operating surgeon, as well as good stability
of the IOL. In our cohort the mean deviation from the
planned axis was 4.87°. Similar results are shown by the
study conducted by Miyake et al. [4], in which rotation
was less than 5° in 76.7% of eyes 2 years after cataract
surgery. The postoperative position of the TIOL may
be influenced by several factors. An important role is
played also by the type and material of the lens. The ba-
sic types of TIOL haptics include plate and loop. In plate
type haptics a total and symmetrical connection of the
sac takes place within two weeks, which leads to lesser
rotation in the later postoperative period. In lenses with
a loop haptic design, asymmetrical fusion takes place
in a clockwise direction, and later rotation of the lens is
more common [21]. Postoperative rotation of a TIOL by
more than 10° most often occurs within 10 days of ca-
taract surgery [4]. Hydrophobic acrylate TIOLs manifest
high rotational stability, in which adhesion is generated
between the posterior capsule and the lens. Weinand
et al. [22] state that the average postoperative rotati-
on was 0.9-1.8° at 6 months after the implantation of
an acrylate TIOL. A similar study was conducted also by
Koshy et al. [23], in which postoperative rotation was 2.7
+2.0°. Kwartz et al. [24] state mean postoperative rotati-
on of 2-3° at 2 years after cataract surgery. With regard

to the direction of postoperative rotation of the Acrysof
IQ Toric lens, there is no clear statement in the literatu-
re as to whether rotation takes place clockwise [4,25],
anticlockwise [26], or if it occurs at all [27]. In the study
by Shah GD et al. [28], rotation occurred in a clockwise
direction in 76.2% of cases and in an anticlockwise di-
rection in 28.3% of cases. We attained the same results
also in our own study, in which there was a tendency of
clockwise rotation of the TIOL in 73.3% of cases.

Rotation of a TIOL and deviation from the axis may have
a negative influence on quality of vision. It has been demon-
strated that rotation of the lens by 10° reduces the effect of
toricity by 1/3, rotation by 20° reduces the toricity effect by
2/3 and rotation by 30° entirely cancels out the corrective
effect [29]. Deviation by 5° is acceptable, and the limit for
surgical revision is a deviation of 10° [10]. In our cohort ro-
tation by more than 10° occurred in 2 cases, in which the
maximum value of deviation from the axis was 25°. In this
case an Acrysof IQ Toric SN6T3 lens was implanted, which
means lower cylindrical correction. Postoperatively UDVA
was 1.0 and subjective patient satisfaction was high, with
a score of 1. In the second case rotation from the axis was
recorded at 11°, with UDVA of 1.0 and also with high patient
satisfaction. With reference to the excellent postoperative
UDVA and high patient satisfaction, we did not indicate sur-
gical rotation or explantation of the lens in either case. The
resulting axis may be influenced among other factors by im-
precise preoperative marking and/or postoperative reading
of the position. Monitoring of the position of the TIOL can
be performed in artificial mydriasis under a slit lamp. Limi-
ting factors are: imprecise reading of the value on the scale,
incorrect head position of the patient, as well as imperfect
visualization of the toricity markers in small capsulorhexis
and phimosis of the anterior capsule (Fig. 3). Today other,
more precise methods are now available, such as photo-
graphy of the anterior segment and subsequent analysis in
software created for comparing the planned and resulting
axis of toricity.

Residual refractive error and residual astigmatism may
have an influence on resulting patient satisfaction and
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worse CVA. The causes of origin may vary, from impre-
cisely performed biometric examination [30] to positi-
onal error of the TIOL. In the study conducted by Bauer
NJ et al. [31], the value of residual astigmatism following
the implantation of an Acrysoft 1Q Toric lens was < 1.00
DCyl in 91% of eyes. These results are also confirmed by
our study, in which the value of postoperative residual
astigmatism was -0.52 £0.49 Dcyl. Residual refraction of
-0.75 DCyl is usually still well tolerated by the patient.
In the case of appearance of disruptive deviations from
the emmetropic plan, it is appropriate to consider the
supplementing of laser corneal refractive surgery [32].
The last examined parameter was subjective patient sa-
tisfaction. According to the literature it generally applies
that patients with an implanted monofocal TIOL are highly
satisfied [9]. Postoperative patient satisfaction may be in-
fluenced by the occurrence of negative dysphotopsias. Pa-
tients with an implanted Acrysof IQ Toric lens state a lower
frequency of postoperative glare in comparison with the
group of patients who underwent a corneal relaxation
incision [33]. Positive dysphotopsias are 3.5 times more
frequent following the implantation of multifocal intrao-
cular lenses [34]. Their intensity and frequency is reduced

over the course of time thanks to neuroadaptation. In our
cohort of 30 eyes, high patient satisfaction with a score of
1 was recorded in 66.7% of eyes.

A weakness of our study is the fact that the operations
were performed by two surgeons. Nevertheless, these
were highly experienced operating surgeons (KM, IS). Ano-
ther weakness of the study is the fact that we did not eva-
luate best corrected visual acuity (BCVA) before and after
cataract surgery. This was a retrospective study, and this
data was unfortunately not available for all of the patients.

CONCLUSION:

Based on our experience, implantation of a TIOL is a safe
and effective solution for patients with corneal astigmatism
and cataract. The presented results document an improve-
ment of UDVA, rotational stability of the TIOL and subjective
patient satisfaction with the result of the operation.
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